Flavour tagging, i.e. the inference of the production flavour of reconstructed B hadrons, is essential for precision measurements of decay-time-dependent CP violation and of mixing parameters in the neutral B meson systems. At the LHC hadronic events create a challenging environment for flavour tagging and demand for new and improved strategies. We present recent progress and new developments in terms of the flavour tagging at the LHCb experiment, which will allow for a further improvement of CP violation measurements in neutral B meson decays.
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Introduction
Measurements of flavour oscillations and time-dependent CP asymmetries in neutral B meson decays require knowledge of the b quark production flavour. This identification is performed by the flavour tagging. It is split in two independent classes of algorithms (see Fig. 1 ). [1] , [2] , [3] The same side tagging algorithms (SS) use charged particles created in the fragmentation process of the b quark of the signal B meson. On the same side currently three different algorithms exist, which use the charge of kaons in the case of a B 0 s meson, pions, and protons in the case of a B 0 meson to infer the production flavour of the signal B meson. The opposite side (OS) algorithms exploit the decay of the non-signal b quark of the initial bb pair. The opposite side consists of four algorithms, which use the charge of kaons, leptons, the secondary vertices, and charm hadrons to identify the flavour of the signal B. Each tagging algorithm provides a decision (tag) d on the initial flavour and an estimation on the probability that the tag decision is wrong, called predicted mistag probability η, which is the number of events with a wrongly assigned tag over all tagged events. The flavour tagging algorithms are not always successful, which is described by the tagging efficiency ε tag , which is the number of tagged events over the sum of all events, with and without an assigned tag. The effective tagging efficiency, the so-called tagging power, is the figure of merit for the development and optimisation of flavour tagging algorithms, because it represents the statistical reduction factor of a used sample in a tagged analysis and is defined as
where ω is the true mistag. The predicted mistag probability η needs to be calibrated. The calibrated mistag ω(η) is parameterised as a linear function
of the predicted mistag probability η, where η is the average predicted mistag probability of the sample and p 0 and p 1 are calibration parameters. Several flavour specific decay channels are used for calibration.
In Fig. 2 the functionality of a tagging algorithm in general is depicted. The queue of selections S1 to S3 define the tagging efficiency and the overlap between the different tagging algorithms. While the selections S1 and S2 are loose per-event selections to reduce combinatorics and to select suitable tagging candidates, selection S3 is custom-built for each tagging algorithm, which chooses the final set of tagging particles. In the end, multivariate classifiers are used to assign the tag decision and estimated mistag on one best or on multiple candidates given by the selection methods used before.
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Inside Flavour Tagging
• selections (S1-S3) define the ε tag and overlap between the different taggers • S1: per event, loose selection of tagging particles, reduce combinatorics • S2: per B candidate and associated primary vertex (PV), select suitable tagging particles • S3: tagger specific selection, choose final tagging particle 
Flavour tagging in Run 1 at LHCb
LHCb has published world leading measurements in the sector of CP violation in b → ccs transitions for example in the measurements of φ s and sin(2β ) on Run 1 data. The latest analyses of φ s in B 0 s → J/ψφ profited from including improved same side and reoptimised opposite side tagging algorithms and yields a tagging power of 3.7% [4] . The decay time and angular distributions are shown in Fig. 3 . The measurement of sin(2β ) in B 0 → J/ψK 0 s has an overall tagging power of 3.0% [5] .
thereby providing an independent measurement of this quantity, which is consistent with the results of Ref. [23] . The projections of the decay time and angular distributions are shown in Fig. 2 .
The results reported in Table I are obtained with the assumption that ϕ s and jλj are independent of the final-state polarization. This condition can be relaxed to allow the measurement of ϕ k s and jλ k j separately for each polarization, following the formalism in Ref. [24] . The results of this fit are shown in Table II , and the statistical correlation matrix is given in Ref. [22] . There is no evidence for a polarization-dependent CP violation arising in
A summary of systematic uncertainties is reported in Tables III and IV in the Appendix. The tagging parameters are constrained in the fit and therefore their associated systematic uncertainties contribute to the statistical uncertainty of each parameter in Table I . This contribution is 0.004 rad to the statistical uncertainty on ϕ s , 0.004 ps −1 to that of Δm s , 0.01 rad to that of δ ∥ , and is negligi other parameters. The assumption that the mðJ=ψK þ K − Þ distr independent from the decay time and angles is reevaluating the signal weights in bins of the d and angles and repeating the fit. The difference in is assigned as a systematic uncertainty. The s effect from the statistical uncertainty on the sign is determined by recomputing them after va parameters of the mðJ=ψK þ K − Þ fit model wi statistical uncertainties and assigning the differe results as a systematic uncertainty.
The effect due to the b-hadron background con is evaluated by varying the proportion of simula ground events included in the fit by one standard of their measured fractions. In addition, a further s uncertainty is assigned as the difference between of the fit to weighted or nonweighted data.
A small fraction of B The decay angle resolution is found to be of th 20 mrad in simulated events. The result of pseu ments shows that ignoring this effect in the fit on small biases in the polarization amplitudes, w assigned as systematic uncertainties.
The angular efficiency correction is determi simulated signal events weighted as in Ref. [6] su kinematic distributions of the final state partic those in the data. A systematic uncertainty is as the difference between the fit results using angul tions from weighted or nonweighted simulated ev limited size of the simulated sample leads to an systematic uncertainty.
The systematic uncertainty from the decay t lution parameters is not included in the Many recent improvements on the same side and an additional new flavour tagging algorithm on the opposite side cleared the way for new CP violation measurements. The new same side algorithms for identifying the flavor of B 0 mesons use protons and pions [3] . Besides this a multivariate classifier is now used to select tagging particles and to calculate the estimated mistag probability.
And the new opposite side algorithm uses secondary charm hadron decays from the decay chain of the opposite side B hadron [6] to infer the production flavour of the signal B meson. These algorithms were used for the first time in the measurement of CP violation in B 0 → D + D − with an overall tagging power of around 8% and a tagging efficiency of 87.6% [7] . In Fig. 4 the decaytime-dependent signal yield asymmetry is shown. the fit, the mass di↵erence m and the lifetime ⌧ are constrained to their known values within uncertainties [20] . The production asymmetry A P is constrained to the value obtained from weighting the results from the measurements in Ref.
[29] according to the kinematic distribution of the B 0 signal candidates. The decay time resolution model R is the sum of three Gaussian functions, two of which have event-dependent widths proportional to t 0 , and one which has a global width that describes the e↵ect of candidates matched to a wrong PV; all three share a common mean. All parameters of the resolution model are determined from simulation. The function ✏(t 0 ) describes the e ciency for all reconstruction and selection steps as a function of the reconstructed decay time and is represented by cubic splines [30] .
The statistical uncertainties are estimated using the bootstrap method [31] . Two-sided 68 % confidence intervals, with equal tail probabilities on either side, are obtained from the distributions of fitted parameters in the bootstrapped samples. To account for the uncertainties of the flavour-tagging calibration parameters, which are fixed in the likelihood fit, further pseudoexperiments are generated in which these flavour-tagging calibration parameters are varied within their combined statistical and systematic uncertainties. The results are then used to correct the uncertainties from the bootstrapping procedure. The CP observables are measured to be S = 0.54 The yield of these backgrounds is estimated to be about 2 % of the signal yield and their impact is assessed by assuming that they maximally violate CP symmetry and have the eigenvalue opposite to the signal mode. This leads to a systematic uncertainty of ±0.05 on S and ±0.013 on C. Further systematic uncertainties on S are related to the assumption d = 0 (±0.014), and to the modelling of the dependence of the e ciency on decay time (±0.007). For C the second largest systematic uncertainty of ±0.007 is due to neglecting 
Conclusion
Flavour tagging at LHCb is playing a key role in obtaining world leading results in the field of flavour oscillations and time-dependent CP violation measurements. The improvements are resulting from a deeper understanding of the detector and the underlying physics as well as from improved know-how in statistics and machine learning. The future tasks are to optimise the existing flavour tagging algorithms and to develop new ones.
